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(54) Marine paint compositions 

(57) Marine paint composition comprising: 

- a first polymer comprising from 20 to 70 wt% of 
monomer units A of at least one hydrolysable either 
tin or silicium ester of an olefinically unsaturated 
carboxylic acid or salt of copper, zinc, calcium of an 
olefinically unsaturated carboxylic acid, the balance 
being monomer units C selected from the group 
consisting of esters of ethylenically unsaturated 
carboxylic acids with C1-C18 alcohols, styrene, al- 
pha-methyl styrene, vinyl toluenes, and mixtures 
thereof; 

- a second polymer comprising from 5 to 40 wt h of 
at least one monomer B selected from the group 
consisting of the N-vinyl lactam monomers of gen- 
eral formula CH2=CH- NR -CO-R' I , the N-vinyl 
amides of general formula CH2=CH-N-CO-R°, the 
monomers of general formula CH2=CR ,,, -COO-R ,,,, - 
NR" w, -CO-R' |, the monomers of general formula 
CH2=CR""-COO-R ,,,, -N-CO-R H , 2-pyrrolidone- 
1-isoprenyl ketone, and mixtures thereof, wherein 

R' is a n-aikylidene radical having 2 to 
8 carbon atoms, 



R M is selected from the group consist- 
ing of alkyl, cycloalkyl, aryl, alkylaryl 
and arylalkyl radicals having a maxi- 
mum of 1 8 carbon atoms, 
R w ' is H or CH3, 

R" tt is a n-alkylidene radical having 
from 1 to 8 carbon atoms, 
R"*" is H or R", 

the balance being monomer units C selected from 
the group consisting of esters of ethylenically un- 
saturated carboxylic acids with C1-C18 alcohols, 
styrene, alpha-methyl styrene, vinyl toluenes, and 
mixtures thereof; 
at least one antifoulant; 

the ratio of the first polymer comprising monomer units 
A to the second polymer comprising monomer units B 
being of from 95:5 to 10:90. 
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Description 

[0001] This invention relates to marine anti-fouling (AF) paints generally used as topcoat paints for ships* hull, par- 
ticularly to marine anti-fouling paints that polish at a predetermined rate and to a polymeric composition for a marine 
5 anti-fouling paint that hydrolyses at a predetermined rate in the presence of sea water. 

[0002] The performance of a ship falls off, when marine organisms grow on the submarine part of the hull. 
[0003] Applying to the hull a topcoat paint comprising anti-fouling agents controls the extent of marine fouling. The 
anti-fouling agents are biocides that are freed from the paint surface at a rate such that their concentration is lethal to 
marine organisms. 

10 [0004] The use of self polishing copolymer (SPC) systems is nowadays the leading technology to protect ship hulls 
against fouling: in these systems the interaction with sea water produces soluble species but bulk hydrophobicity con- 
fines reaction to sea-water interface (ca 5 jim). This -5 urn leach layer is maintained throughout coating lifetime. This 
results in a zero order release rate and so the lifetime is directly related to film thickness. 

[0005] The best known SPC antifoulings are based on tributyltin (TBT) (meth)acrylate copolymers. EP-A-51930 is 
is a milestone patent disclosing such TBT copolymers. The "self-polishing" action (rate is dependent on TBT content) 
leads to decrease in hull roughness during service. TBT systems have dominated the antifouling market for the last 
20 years. 

[0006] By 1 987, tributyltin (TBT) had been shown to leach into the water (it is indeed a potent marine biocide which 
gives an enhanced anti-fouting effect), harming sea life, possibly entering the food chain, and causing deformations in 

20 oysters and sex changes in whelks. Its use was banned for use on vessels with hulls of 25 m or less, but the 1987 
ruling left an essential exemption for larger vessels until alternatives were found. In addition, many countries have 
implemented a maximum limit for the TBT release of antifoulings used on vessels with hulls that are longer than 25 m. 
The most frequently used limit is that of 4 ug/cm 2 /day determined according ASTM D 5108-90. 
[0007] These restrictions have resulted in new developments such as described for example in European patent EP- 

25 B-0,21 8,573 that discloses a marine paint comprising a film-forming polymer, prepared by polymerisation of monomer 
units A of at least one triorganotin salt of an olefinically unsaturated carboxylic acid and at least one comonomer B 
selected from the group comprising vinylpyrrolidone, vinylpiperidone and vinylcaprolactam, the balance being at least 
one C1-C4 alkylmethacrylate and/or styrene comonomer C. 

[0008] The ban on TBT in Japan will become world wide in the near future and has lead to many TBT-free develop- 
30 ments as well: 

EP-B-289 481 and EP-B-526 441 discloses marine paint compositions based on rosin or its copper or zinc deriv- 
atives and a copolymer of alkyl methacrylates and/or styrene with comonomers which are cyclic tertiary amides 
or imides having an alkenyl group. 

35 

EP-A-342 276 relates to the preparation of metal (preferably zinc or copper) containing resin composition which 
is characterised by having hydrolysable metal ester bonding at the end portion of pendant chain. 
GB 2 311 070 also describes a composition comprising a resin having at least one metal carboxylate. 

40 - EP-B-0131 626 describes antifouling paints based on film-forming water insoluble, seawater erodible, polymeric 
binders containing trialkylsilyl (meth)acrylates; EP-A-755 733 discloses antifouling coating compositions based on 
such a trialkylsilyl esters containing copolymer and a chlorinated paraffin. 

[0009] There is however still a need in the art for improved erodible anti-fouling paint compositions. 
45 An object of the present invention is to provide such improved self-polishing and anti-fouling paint compositions for 
use as topcoat paints for ships' hull. 

[0010] Another object of the invention is to provide improved polymeric binders for a marine anti-fouling paint that 
hydrolyses at a predetermined rate in the presence of seawater. 

[001 1 ] A yet further object of the present invention is to provide an anti-fouling marine paint composition with a high 
so solids content. 

[0012] Accordingly, the present invention provides a marine paint comprising essentially: 

a first polymer comprising from 20 to 70 wt% of monomer units A of at least one hydrolysable either tin or silicium 
ester of an olefinically unsaturated carboxylic acid or salt of copper, zinc, calcium of an olefinically unsaturated 
55 carboxylic acid, 

the balance of the monomer units being monomer units C selected from the group consisting of the esters of 
ethylenically unsaturated carboxylic acids with C1-C18 alcohols, styrene, alpha-methyl styrene, vinyl toluenes, 
and mixtures thereof. 
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a second polymer comprising from 5 to 40 wt% of at least one comonomer B selected from the group consisting 
of the N-vinyl lactam monomers of general formula CH2=CH- NR ,,,,, -CO-R , | , the N-vinyl amides of general formula 
CH2=CH-N-CO-R n , the monomers of general formula CH2=CR w, -COO-R* w - NR ,,,M -CO-R , | , the monomers of general 
formula CH2=CR" , -COO-R" ,, -N-CO-R , \ 2-pyrrolidone-1-isoprenyl ketone, and mixtures thereof, wherein 

5 

R' is a n-alkylidene radical having 2 to 8 carbon atoms, 

- R" is selected from the group consisting of alkyl, cycloalkyl, aryl, alkylaryl and arylalkyl radicals having a max- 
imum of 1 8 carbon atoms, 

- FT is H or CH3, 

w - R M " is a n-alkylidene radical having from 1 to 8 carbon atoms, 

- R ,,m is H or R M , 

and the balance of the monomer units being monomer units C selected from the group consisting of the esters of 
ethylenically unsaturated carboxylic acids with C1-C18 alcohols, styrene, alpha-methyl styrene, vinyl toluenes, 
15 and mixtures thereof. 

At least one antifoulant. 

The relative ratio of the first polymer comprising monomer units A to the second polymer comprising monomer 
units B is from 95:5 to 10:90. 

20 [0013] Whilst not wishing to be bound by a theory, it is believed that the two polymeric binders are sufficiently com- 
patible to produce a stable paint composition but sufficiently incompatible to give such structure to the paint that it can 
be applied in desired layer thicknesses. There will thus be less need to add thixotropic agents in order to obtain a 
suitable structure. It is known in the art that the solids content of a paint composition decreases when the amount of 
thixotropic agent increases; the paint compositions of the present invention will thus keep a high solids content. 

25 [0014] The applicant has now unexpectedly found that placing monomer units A and monomer units B respectively 
on two separate binders that are marginally compatible, produces a paint composition with an improved compromise 
of the following properties: 

a suitable structure indicated by the thixotropic factor; 
30 - a high solids content; 

a suitable polishing rate; 

little or no blistering or flaking or detachment; 

good can stability. 

35 [0015] In a first embodiment, the monomer units A used in the first polymer are of the formula R 3 SnOOCCR'=CH 2 
or R 3 SiOOCCR , =CH 2 , wherein each R is an alkyl radical containing from 2 to 8 carbon atoms, or an aryl or aralkyl 
radical, R' is H or CH 3 . The groups R can be different but are preferably the same. 

[0016] The first polymer comprises from 20 to 70 wt% of monomer units A, preferably from 30 to 65 wt%, and more 
preferably from 50 to 60 wt%, the balance being monomer units C. 
40 [0017] In another embodiment of the present invention, the first polymer comprising monomer units A is a metal 
containing resin composition that can be obtained as described in EP-A- 342276 by reacting a mixture of 

an acid group containing base resin, comprising essentially monomer units C and olefinicalty unsaturated carbox- 
ylic acids monomer units corresponding to monomer unit A; 
45 - a metallic salt of low boiling organic basic acid and 
a high boiling organic monobasic acid 

at elevated temperature while removing the formed low boiling organic basic acid out of the system. 
The metals are selected from the zinc, copper or calcium. 
so The acid group containing base resin has an acid value of from 25 to 350 mg KOH/g, the low boiling organic basic acid 
has a boiling point of from 1 00 to 240 °C and the high boiling organic monobasic acid has a boiling point that is at least 
20 °C higher than the boiling point of said low boiling organic basic acid. 

[0018] In yet another embodiment of the present invention, the first polymer comprising monomer units A has a 
number average molecular weight of from 1000 to 50000, and contains from 20 to 65 wt% of structural units derived 
55 from trialkylsilyl ester of polymerisable unsaturated carboxylic acid, as described in EP-A-775733. 

[0019] Monomer units B can be N-vinyl lactam monomers of general formula CH2=CH- N-CO-R' | , wherein R' is a n- 
alkylidene radical having 2 to 8 carbon atoms, preferably 2 to 4 carbon atoms, more preferably 3 carbon atoms. The 
most preferred monomer unit B is N-vinyl pyrrolidone. 
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[0020] Monomer units B can also be N-vinyl amides of general formula CH2=CH-N-CO-R", wherein R" is selected 
from the group consisting of alkyl, cycloalkyl, aryl, alkylaryl and arylalkyl radicals having a maximum of 18 carbon 
atoms, preferably 2 to 12 carbon atoms, more preferably 2 to 6 carbon atoms. 

[0021] Monomer units B can further be monomers of general formula CH2M5R w, -COO-R""-NR"" , -CO-R , |, wherein 
5 R"' is H or CH3, R""' is R" (as defined above) or preferably H, R' is a n-alkylidene radical having 2 to 8 carbon but 
preferably such that the terminal cycle is 2-pyrrolidone. Preferably, R"' is CH3; examples of such monomers are de- 
scribed in Polymer 39(17), 4165-9, 1998. 

[0022] Monomer units B can still further be monomers of general formula CH2=CR B, -COO-R" ,, -N-CO-R ,, 1 wherein 
R" is H or CH3, R"" is a n-alkylidene radical having from 1 to 8 carbon atoms, and R" is selected from the group 
w consisting of alkyl, cycloalkyl, aryl, alkylaryl and arylalkyl radicals having a maximum of 18 carbon atoms. 
[0023] Preferably the N-vinyl lactams are being used, more preferably N-vinylpyrrolidone 

[0024] The second polymer comprises from 5 to 40 wt% of monomer units B, preferably from 1 0 to 30 wt% and more 
preferably from 1 5 to 30 wt%. 

[0025] Monomer units C are preferably selected from the group consisting of the esters of ethylenically unsaturated 
is carboxylic acids with C1-C18 alcohols, styrene, alpha-methyl styrene, vinyl toluenes, and mixtures thereof. 

The ethylenically unsaturated carboxylic acid is more preferably selected from the group consisting of acrylic acid, 
methacrylic acid, maleic acid, fumaric acid, and mixtures thereof, most preferably selected from the group consisting 
of acrylic acid, methacrylic acid, and mixtures thereof. The alcohol may be an aliphatic or a cycloaliphatic alcohol, and 
it may be linear or branched; it is more preferably selected from C1 -C1 0 alcohols, more preferably from C1 -C4 alcohols, 
20 most preferably from C1 -C2 alcohols. Typical examples of monomer units of the ester type are stearyl (meth)acrylate, 
isobornyl (meth)acrylate, lauryl methacrylate, n-butyl (meth)acrylate, isobutyl (meth)acrylate, ethyl (meth)acrylate and 
methyl (meth)acrylate. 

[0026] The polymer can be prepared by addition polymerisation of the appropriate monomers in the appropriate 
proportions at polymerisation conditions using a free radical catalyst such as e.g. benzoyl peroxide, tert-butyl peroxy 

25 2-ethyl hexanoate (TBPEH), t-butyl peroxybenzoate (TBP), or azobisisobutyronitrile. The reaction is carried out in an 
organic solvent such as e.g. xylene, toluene, butyl acetate, n-butanol, 2-ethoxyethanol, cyclohexanone, 2-methoxyeth- 
anol 2-butoxyethanol, 2-ethoxyethyl acetate, N-methyl pyrrolidone, dimethylformamide and mixtures thereof. 
Polymerisation is preferably carried out at a temperature in the range of 70-1 40°C although higher temperatures may 
be used providing that the solvent and the catalyst are adapted thereto. Within this range the use of higher temperatures 

30 produces polymers of lower molecular weight. Polymerisation may be carried out by heating all the polymer ingredients 
in the solvent or preferably by gradually adding the monomers and catalyst to the heated solvent. The latter procedure 
produces polymers of lower molecular weight. 

[0027] The ratio of the two polymers used to prepare the paint composition can vary over a broad range of values 
depending upon the desired properties of the composition. The relative ratio of the first polymer comprising monomer 
35 units A to the second polymer comprising monomer units B is from 95:5 to 10:90, preferably from 80:20 to 40:60. 

[0028] The antifoulant used as the other essential component in the coating composition of the present invention 
may be any of conventionally known antifoulants. The known antifoulants are roughly divided into inorganic compounds, 
metal-containing organic compounds, and metal-free organic compounds. 

[0029] Examples of the inorganic compounds include copper compounds (e.g. copper sulfate, copper powder, cu- 
40 prous thiocyanate, copper carbonate, copper chloride, and the traditionally preferred cuprous oxide), zinc sulfate, zinc 
oxide, nickel sulfate, and copper nickel alloys. 

[0030] Examples of the metal-containing organic compounds include organo-copper compounds, organo-nickel com- 
pounds, and organo-zinc compounds. Also usable are manganese ethylene bis dithiocarbamate (maneb), propmeb, 
and the like. Examples of the organo-copper compounds include copper nonylphenolsulphonate, copper bis(ethylen- 

45 ediamine) bis(dodecylbenzenesulphonate), copper acetate, copper naphtenate, copper pyrithione and copper bis(pen- 
tachlorophenolate). Examples of the organo-nickel compounds include nickel acetate and nickel dimethyldithiocar- 
bamate. Examples of the organo-zinc compounds include zinc acetate, zinc carbamate, bis(dimethylcarbamoyl) zinc 
ethylene-bis(dithiocarbamate), zinc dimethyidithiocarbamate, zinc pyrithione, and zinc ethylene-bis(dithiocarbamate). 
As an example of mixed metal-containing organic compound, one can cite (polymeric) manganese ethylene bis dithi- 

so ocarbamate complexed with zinc salt (mancozeb). 

[0031] Examples of the metal-free organic compounds include N-trihalomethylthiophthalimides, trihalomethylthio- 
sulphamides, dithiocarbamic acids, N-arylmaleimides, 3-(substituted amino)-1,3 thiazo!idine-2,4-diones, dithiocyano 
compounds, triazine compounds, oxathiazines and others. 

[0032] Examples of the N-trihalomethylthiophthalimides include N-trichloromethylthiophthalimide and N-f luorodichlo- 
55 romethylthiophthalimide. Examples of the dithiocarbamic acids include bis(dimethylthiocarbamoyl) disulphide, ammo- 
nium N-methyldithiocarbamate and ammonium ethylene-bis(dithiocarbamate). 

[0033] Examples of trihalomethylthiosulphamides include N^dichlorofluoromethylthioJ-N'.N'-dimethyl-N-phenylsul- 
phamide and N-(dichlorofluoromethylthio)-N , ,N , -dimethyl-N-(4-methylphenyl)sulphamide. 
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r00341 Examples of the N-arylmaleimides include N-<2,4,6-trichlorophenyl)maleimide. N-4 tolylmaleimide, N-3 chlo- 
rophenylmaleimide. N-(4-n-butyl P henyl)maleimide. N-(anilinophenyl)maleimide and N;(2'3-xyly1)malejmKte 
[0035] Examples of the ^(substituted amino)-l,3-thiazolidine-2,4-diones include 2-(th.ocyanomethylth,o)-ben Z oth 
azole 3-benzylideneamino-1, 3-thiazolidine-2,4-dione, 3-(4-methylbenzylideneamino)-1 ,3-thiazo .d.ne-2 ^»ne. 3- 
(2-hydroxyben Z ylideneamino)-1,3-thiazolidine-2.4-dione.3-(4-dimethylaminobenzylideam,no)-1,3-thia 2 olid.ne-2,4-di- 

one, and3-(2.4-dichlorobenzylideneamino)-1,3-thiazolidine-2,4-dione. 

[0036] Examples of the dithiocyano compounds include dithiocyanomethane, drth.ocyanoethane, and 2,5-d.th.ocy- 

?00371 >P Bcamples of the triazine compounds include 2-methylthio-4-butylamino-6-cyclopropylamino-s-triazine. 
[0038 Examples of oxathiazines include 1 ,4,2-oxathiazines and their mono- and di-oxides such as disclosed in PCT 
patent WO 98/05719: mono- and di-oxides of 1 ,4,2-oxathiazines with a substituent in the 3 posrt.on represe nt.n g (a) 
phenyl; phenyl substituted with 1 to 3 substituents independently selected from hydroxyl. halo CI - 2 alkyl CM cy- 
cloalkv trihatomethyl. phenyl. C1-C5 alkoxy, C1-5 alkylthio, tetrahydropyranyloxy. phenoxy. C1-4 alkylcarbony . phe- 
nyl carboxy or Is alkali metal salt. C1-4 alkoxycarbonyl, C1-4 alky.aminocarbonyl. phe- 
n^toclonyu amino, nitro. cyano. dioxolany. or C1-4 f y-oxy = e- 
thv? naphtyl" pyridinyh thienyl; furanyl; or thienyl or furanyl substituted with one to three substituents ndependently 
se'ectedTom P C 1-C4 y a.kyl. C1-4 alky.oxy, C1-4 alkylthio. halo, cyano. formy.. acetyl, benzoyl, nitro. C1-C4 _a.ky.oxy- 
carbonyl. phenyl, phenylaminocarbonyl and C1-4 alkyloxyiminomethyl; or (b) a subst.tuent of generic formula 




Wherein X is oxygen or sulfur; Y is nitrogen. CH or C(C1 -4 alkoxy); and the C6 ring may have one C1 -4 alkyl substrtuent. 
a second substituent selected from C1-4 alkyl or benzyl being optionally present in position 5 or 6 
[0039] Other examples of the metal-free organic compounds include 2.4,5.6-tetrach oroisophtha °"^e ^ m e- 
hyl-dihlorophenylurea, 4.5-dichloro-2-n-octy.-4-isothiazoline-3-one, N.N-dimethyl-N--phenyl-(N-fluo °«ometh- 
y7hio)-sulfamide.tetramethylthiuramdisul P hide.3.iodo-2-pro P inylbutylcarbamate.2-(methoxycarbony^ 

Ce 2,3.5.6-;etrach.oro 4-(methylsulphony.)pyridine. diiodomethyl-p-toly. su.phone, '^!f^^^T 
dichloride, 2-(4-thiazolyl)benzimidazole, dihydroabietyl amine. N-methy.ol formam.de and pyr.d.ne "P^"^"!, 
[0040] According to a preferred embodiment, the use as antifoulant of the oxathiaz.nes disclosed in WO-A-9505739 
has the added advantage (disclosed in EP-A-823462) of increasing the self-polishing propert.es of the P*£ 
[W41] Among the fouling organisms, barnacles have proved to be the most troublesome, because they res st to 
™st iocides. Accordingly^ paint formulation should preferably include at least ajv ^J^£}£gZ 
barnaclecide such as cuprous oxide or thiocyanate. A preferred barnaclec.de is disclosed in EP-A-831134. EPA 
83 134 disdoses the use of from 0.5 to 9.9 wt%, based on the total weight of the dry mass of the compos.t.on. of at 
^VntM^Zx^Ueiogeno-^a^ pyrrole derivative substituted in position 5 and optionally m posrt.on 
1 ^h'ogens T^Zs2 and 3 being independently se.ected from the group , consistin g « 
b omine. the substttuent in position 5 being se.ected from the group consisting of C1 -8 aH<y.. C1 
C5-6 cycloalkyl. C5-6 monohalogenocycloalkyl, benzyl, phenyl, mono- and d.-halogenobenzyl, mono- and d^alogen 
ophenyl, mono- and d,-C1-4-a.kyl benzy.. mono- and di-C1-4- alkyl pheny.. monohalogeno mono-C -4-a.kyl I enzy. 
ano monohalogeno mono-C1-4- alkyl pheny.. any halogen on the substituent in P^^^^cS 
group consisting of chlorine and bromine, the optional substituent in posrt.on 1 be.ng selected from C1 -4 alkyl and C1 4 

r?00°42] ° Onet'more antifoulants selected from such antifou.ants are emp.oyed in the present >"«fe^>^ 
ants are used in such an amount that the proportion thereof in the solids contents of the c ~ W^^"** 
mm ? 1 to 90% by weight, preferably 0.1 to 80% by weight, and more preferably from 1 to 60% by weight Too ^smal 
Soulant amount do not produce an antifou.ing effect, while too large antifoulant amounts res urt 
a coating film which is apt to develop defects such as cracking and peeling and thus becomes less effecfve .n ant.- 

fouling property. . . 

[0043] The paint further contains pigment(s), solvent(s) and additive(s). 
T00441 The paint composition contains one or more pigments (or fillers). 

0U45 The paint composition can contain one or more pigments which are "active" pigments. ,e. spanngly ^sofoble 
L seawater. These pigments have a sea water solubility such that the pigment pamcles do not surv,ve at the pa.nt 
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surface These pigments have the effect of inducing the overall smoothing which the relatiyely-movmg sea water exerts 
on ^e Data S fXEnUng localized erosion and preferentially removing excrescencies formed during the application 
o th S fpa^g V sZle pigments have .ong been used in self-po.ishing antMou.ing P^£«^ 
are cuprous thiocyanate, cuprous oxide, zinc oxide, cupric acetate meta-arsenate, z.nc chromate, z.nc dimethyl dUhi- 
SK* SS3« bte(dithiocarbamate) and zinc diethy. dithiocarbamate. The preferred spanngly so.ub.e p,g- 
monts are zinc oxide, cuprous oxide and cuprous thiocyanate. 

Tmm MWures otsparingty soluble pigments can be used, e.g. zinc oxide, which is most effective at induc.n the 
Sal SSZZ o fh paint can be mixed with cuprous oxide, cuprous thiocyanate. zinc dimethyl or d.ethy. drth, 
ZStS^^ bis-(dithiocarbamate) which are more effective marine biocides; the most preferred . a 

riioxide talc or ferric oxide. Such highly insoluble pigments can be used at up to 40 percent by weight of the total 
^2^SZST p*! HigWnso.ub.e pigments have the, - ^^^^.^Lum 
[0048] The paint composition can contain one or more pigments or dyes that .mpart a color to the paint, e.g. titanium 

SST X" X'iSmenUo polymer is generally such as to give a pigment volume concentration of i at leas, 
2?oe cem prefeSb ly at .east 35 percent* in the dry paint film. The upper limit of pigment concentrator, is the cnt-cal 
%SluTc^ce^ 0n . Paints having pigment vo.ume concentrations of up to about 50 percent, for examp.e. 

SST^^S^ «"« ""*- ar0matiC hydr0Carb ° nS SUCh 35 XVlene "5 t0,Uen h e ' a fN h mlXr" 
T« hexane and heptane, esters such as ethyl acetate and butyl acetate; am.des such as N-methylpyr- 

o. do an N 7t£S££^l«*» such as isopropy. alcohol and butyl alcohol ethers such , as ; dioxane, 

%^7^£r. and Ketones such as methyl ethyl ketone, methyl isobutyl ketone and methyl isoamy. ketone. 

^T^^^-^r^SSt at the expected operating temperature for the application 

positions as stabilizers and anti-foaming agents. 

EXAMPLES. 

Methods 

Determination of the solids content 

[0053] The solids content of binder so.utions was determined by weighing before and after heating a sample for 1 
hour at 120°C [standard test methods ISO 3233/ASTM 2697/DIN 53219]. 

Determination of the viscosity 

t 0054] The viscosity of binder solutions and of paints was determined with a Brookfield at 25°C [ASTM test method 
D21 96-86]. 

Determination of the molecu lar weight distribution of the polymers 

(d = Mw/Mn) are reported in the Tables. 
Evaluation of the thixotropic factor 

roo561 The thixotropic factor is determined by measuring the viscosity with a rotation viscosimet er < Haak ^ > 
had been thinned down to a viscosity between 11 and 13 dPa.s 
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Evaluation of the polishing of paints 

[0057] The erosion rate is the average decrease in f ilm thickness (expressed in um/month) per month over the whole 
test (1 month = 30 days). The minimum duration of the test was 8 months. 

5 [0058] Stainless steels discs, 20 cm in diameter, were protected with a standard anticorrosive system (300 jim in 
dry film thickness). Two layers of the self-polishing paint to be tested were applied, to give a total dry film thickness 
between 200 and 300 urn. The tests were carried out in constantly refreshed natural seawater, at a constant temperature 
of 20 °C The discs were rotated at 1000 rpm, corresponding to about 34 km/hr (18 knots/hr) at 9 cm from the centre. 
The total dry film thickness was determined at 7-week intervals, after allowing the paint to dry during one day. It was 

10 measured at a number of fixed points, each located at 9 cm from the centre of the discs. 



Surface defects 

[0059] Surface defects were reported at the end of the polishing test period of all tested samples according 
15 4628/4. The test method was adapted. The to be reported data were reduced to: 

- the type of surface defects given by the ISO categories; 

- the size of the cracking has been reduced to two categories: 

20 a) not visible to the naked eye, represented by a small letter; 

b) visible to the naked eye, represented by a capital letter; 



Can stability 

25 [0060] The stability of a paint composition was tested as follows: 

250 | of the paint compositions were stored in a can at 40 °C during 6 months. 
The paint composition is acceptable if the following is observed: 

no large changes in viscosity; 
30 - absence of irreversible sedimentation; 
no phase separation 

Preparation of polymers 

35 |. Preparation of the first polymer comprising mo nomer units A. 



40 



Polymer PA1 . 

[0061] Polymer PA1 is a 53/47 (w/w) copolymer of tributyltin methacrylate (TBTMA) and methyl rnethacrylate > (MMA). 
The xylene solution has a Brookfield viscosity of 10.6 dPa.s for a solids content of 56.5%, As determ.ned by GPC, 
polymer PA1 has a molecular weight of 24100 and a polydispersity of d = 2.1 



Polymers PA2 and PA3. 

45 [0062] -Acid group containing base resins ■ were prepared following the procedure described in reference examples 



1 to 4 of EP-A-0,342,276: 



■ Spartso^ S ablate, 12 parts of butyl acrylate and 30 parts of acrylic acid were polymerised in order to obtain 
a res.ls varnish having a Brookfield viscosity of 4 dPa.s, a so.ids content of 41 .6 wt% and a sohds acd value 
of 233 mg KOH/g. 

' ufa^epared n inL same manner as resin R1 . 68 parts of ethy. acrylate, 13 ^^and 19 parts 
of acrylic acid were polymerised in order to obtain a resinous varn.sh having a Brookf.eld v.scos.ty of 0.3 dPa.s. a 
55 solids content of 41 . 1 wt% and a solids acid value of 1 48 mg KOH/g. 

r00631 Polymer PA2 was prepared following the procedure described in example 1 8 of EP-A-0,342,276. The resinous 
ShooSS^erenceresinRI was treated with copper acetate and naphtenic acid. The copper acrylate varn,sh 
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so obtained had a solids content of 43.9 wt% and a copper acryl ate varnish so obtained had a 

[0064] Polymer PA3 was prepared similarly from reference resin R2, the copper acry.aie 
solids content of 47.4% and a Brookfield viscosity of 11 dPa.s 



10 



15 



20 



25 



Polymer PA4. 

H. Preparation of the second polvmer comprising monom er units B. 

[00 66] Polymer PB1 was obtained by polymerising 65 g of methy.acrylate (MA), 25 g of viny.pyrro.idone (VP) and 
10 g of butylacrylate (BA) in 100 g of xylene, using TBPEH as initiator. 
Properties of Polymers PB1 to PB3 are given in Table A. 



30 



35 



40 



45 



Polymer Code 


Composition (w%) 




Property 


3S 






TBTMA 


MMA 


BA 


MA 


VP 


w% solids 


dPa.s 


Mw 


d 






















PB1 


0.0 


0.0 


10.0 


65.0 


25.0 


52.1 


6 


17700 


2.6 


PB2 


0.0 


22.5 


10.0 


42.5 


25.0 


51.3 


14 


36600 


3.2 


PB3 


0.0 


18.5 


10.0 


41.5 


30.0 


52.0 


13 


31700 


2.7 






















CP1 


29.4 


36.1 


4.5 


18.9 


11.1 


54.5 


10 


23000 


2.7 


CP2 


29.4 


26.1 


4.5 


28.9 


11.1 


| 54.8 


6 


20200 


2.3 



HI. Preparation of comparative polymers 

, roi o«h rP9 havp been prepared according to methods known in the art and dis- 
52 J =Sn 6 232 — A and B a, income* in the same 

Polymer CP1 has the same monomer composition (and a simi.ar Mw) as the 5:4 mixture of poiymers PA1 and PB2 
same monomer oomposition (and a simi.ar Mw) as the 5:4 mixture o. poiymers PA1 and PB1 

Tt% T vnte\fsof d po1ymers having the same monomer composition as a mixture of poiymer PA2 (or PA3) with any of 
SS^i^SE £ reaction with the copper derivative destroyed the iactam nng. 

Preparation of paints 

[0 068] Ai. the paints were prepared according to standard procedures and have the composition in weight percent 
given in Tables B, C, D and E. 

All paints were thinned down to a viscosity between 11-13 dPa.s 
The determined paint properties are given in Table E. 
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IctUIC 








cvomnip\ Inaredient 


C6 


C7 


C8 


C9 


uiu 


C11 




31.86 


31.86 


31.07 


0.00 


O.UU 


0.00 




0.00 


0.00 


0.00 


32.51 




31 .59 


nop 


1.59 


1.59 


1.55 


1.63 




1 sft 


Thixatrol ST 


0.00 


0.31 


0.61 


0.00 


n 0.0 


0.62 


Cuprous oxide 


33.01 


33.00 


32.20 


33.75 


33.64 


32.81 


Iron oxide 


0.92 


0.92 


0.89 


0.94 


0.93 


0.91 


Chalk 


22.05 


21.22 


19.88 


22.49 


2158 


20.22 


Molecular sieve 


1.22 


1.22 


1.19 


1.25 


1.24 


1.21 


Bentonite 


0.83 


0.83 


0.81 


0.84 


0.84 


0.82 


Xylene 


8.52 


9.05 


11.80 


6.59 


7.43 


10.24 


Total 


100.0 


100.0 


| 100.0 


100.0 


100.0 


100.0 



Table D. 



lngredient\ex.no. 


9 


10 


11 


12 


13 


PA3 


0.00 


28.53 


18.66 


28.05 


18.24 


PB2 


8.63 


0.00 


0.00 


8.74 


17.05 


PB3 


0.00 


8.66 


17.01 


0.00 


0.00 


PA2 


29.90 


0.00 


0.00 


0.00 


0.00 


Cuprous oxide 


35.66 


36.72 


36.05 


36.11 


35.22 


Diuron 


3.89 


4.01 


3.93 


3.94 


3.84 


Titanium oxide 


2.11 


2.17 


2.13 


2.13 


2.08 


Talcum 


4.01 


4.13 


4.06 


4.06 


3.96 


Anti-settling agents 


1.76 


1.81 


1.77 


1.78 


1.73 


Xylene 


14.05 


13.98 


16.38 


15.18 


17.88 


Total 


100.0 


100.0 


100.0 100.0 


100.0 



PB1 and dioctyl phthalate (DOP) were mixed respectively in solids 
%, essentially under the lorm of C^O, that also acted 



Example 1 . 

[0069] The first polymer PA1 , the second polymer 
volume ratio of 5:4:1 . . 
Pigments were added to the compos.tion in an amount of 21 vol 

^Stents (Bentonite) and stabilisers (Molecular sieve) were a.so added to the paint composition. 
The total composition is given in Table B. 

Exam ples 2 to 8: 
Example 9. 

[0071, The first polymer PA2 and the second po.ymer PB2 were mixed respectively in the volume ratio of 3:1. 
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Examples 10 to 13. 

t 0072] They were obtained using the method described in Examp.e 9. The quantities, components and ratios of 
Examples 9 to 13 are summarised in Table D. 

Example 14. 

[0 073] The first polymer PA4 and the second polymer PB2 were mixed respectively in the volume ratio of 1:1. The 
quantities, components and ratios are summarised in Table E. 



35 



40 



45 



50 



55 



10 


Table E. 






IngrediemAex. no. 


14 


C5 




PA4 


13.18 


32.63 


15 


PB1 


14.38 


0.00 




DOP 


3.01 


0.00 




Thixatrol™ ST 


0.00 


0.67 




Cuprous oxide 


36.12 


35.45 


20 


Seanine™ 


8.39 


6.45 




Zinc oxide 


13.70 


13.07 




Chalc 


0.00 


0.00 ; 


25 


Iron oxide 


1.05 


0.81 




Molecular sieve 


1.40 


1.07 




Benton ite 


0.94 


0.73 




Xylene 


7.83 


9.12 


30 


Total 


100.00 


100.00 




Seanine™= 4,5-dichloro-2-n-octyl-4isothiazoline-J-une ijuw * ou.u 
tion) __ . . 



COMPARATIVE EXAMPLES. 

shown in Table F. o^rn rt rt; rnmrwative examples C6 to C1 1 contain 

No thixotropic agent has been added to an^ 

onlv one polymer with both monomenc units A and B. In these examples, various « v 

ToZ increase the thixotropy to an acceptable level, respectively 0, 1 and 2 vol %. (Table G) 



Ex. 


Polym 1 


Polym 2 


Vol. Ratio 
Polym1/pol 
ym2/DOP 


Thix factor 


Volume 
Solids Cont. 
% 


Polishing ^im/ 
month 


Defects 


Stability 


1 


PA1 


PB1 


5:4:1 


6.2 


53.9 


5.4 


h4 


Accept. 


2 


PA1 


PB1 


2:7:1 


7.7 


52.3 


3.5 


h4 


Accept. 


3 


PA1 


PB1 


7:2:1 


5.8 


54.3 


5.2 


none 


Accept. 


4 


PA1 


PB1 


5:4:1 


6.4 


54.1 


6.3 


h4 


Accept. 


5 


PA1 


PB1 


2:7:1 


9.3 


52.3 


5.0 


h3 


Accept. 


6 


PA1 


PB2 


7:2:1 


5.3 


54.5 


3.9 


h3 


Accept. 


7 


PA1 


PB2 


5:4:1 


6.1 


52.1 


2.8 


h3 


Accept. 
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Ex. 


Polym 1 


Polym 2 


Vol. Ratio 
Polym1/pol 
ym2/DOP 


Thix factor 


Volume 
ooiios ooni. 
% 


Polishing urn/ 

nnnnth 

1 1 iwl III 1 


Defects 


Stability 


8 


rAl 


PR1 


4:5:1 


6.7 


53.4 


4.8 


h4 


Accept. 


9 




PR? 


3:1:0 


3.2 


52.7 


3.3 


- 


Accept 


10 


rAo 


PRO 


3:1:0 


3.0 


50.6 


3.2 


- 


Accept. 


11 


PA3 


□ DO 

"DO 


1:1:0 


3.1 


52.0 


3.0 


- 


Accept. 


12 


PA3 


poo 


3:1:0 


4.0 


51.8 


2.6 


- 


Accept. 


13 


PA3 


PB2 


1:1:0 


2.7 


53.6 


2.8 


- 


Accept. 


14 


PA4 


PB1 


2:2:1 


3.5 


53.4 


6.5 




Accept 


C1 


PA1 




9:0:1 


2.5 


57.0 


3.8 


h4 


not. acc. 


C2 




PB1 


0:9:1 


5.6 


56.5 


1.4 


detached 


not acc. 


C3 


PA1 




9:0:1 


1.4 


57.2 


4.6 


h5 


not acc. 


C4 




PB2 


0:9:1 


5.6 


55.4 


0.8 


detached 


Accept. 


C5 


PA4 




10:0:0 


5.3 


49.6 


2.0 




Accept 



TABLE G 



C.Ex. 


Polymer 


Vol. Ratio 
Polym: 
DOP 


Thix. ST 
Vol% 


Thix factor 


Solids 
Cont.% 


Polishing* 
H/month 


Defects 


Stability 


C6 


CP1 


9:1 


0 


1.3 


53.6 


3.8(111) 


H5 


not. acc. 


C7 


CP1 


9:1 


1 


2.7 


53.0 


3.9(111) 


h5 


not acc. 


C8 


CP1 


9:1 


2 


5.3 


50.0 


7.0(111) 


h5 


not acc. 


C9 


CP2 


9:1 


0 


1.3 


56.1 


— > 


detached 


not acc. 


C10 


CP2 


9:1 


1 


2.6 


55.1 


-> 


detached 


not acc. 


C11 


CP2 


! 9:1 


2 


5.3 


51.9 


— » 


detached 


not acc. 


•Duratioi 


i of the test in ( 


days) 







[0075] Comparison of Table F with Table G shows that the best compromise of ^sired properties^ obtainec . with 

•snsssssss, sssst =;:==",„ 

units A, B and C were placed 

- either on two separate binders, one containing monomer units A and C and the other containing monomer units 
B and C; 

or on a single binder. 

a a q *,«io/ rtf r.,pn was added DOP was added in the amount of 1 volume part in 10, 

marised in Table H. 
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TABLE H 



Ex. 


Polymers 


Vol. Ratio 
Polym:Polym : 


Thix factor 


Solids Cont. % 


Polishing* yJ 
month 


Defects 


Qtahilitv 








DOP 












C9 


CP2 




9:0:1 


1.3 


56.1 


— > 


detached 


not acc. 


1 


PA1 


PB1 


5:4:1 


6.2 


53.9 


5.4 (410) 


h4 


acc. 


C6 


CP1 




9:0:1 


1.3 


53.6 


3.8 (111) 


H5 


not acc. 


9 


PA1 


PB2 


5:4:1 


6.1 


52.1 


2.8 (288) 


h3 


acc. 



* Duration of the test in (days) 



Claims 

1 . A paint composition comprising: 



ol the N.»inyl lactam monomers ol oeoer.l lotmul. f^^^^^^.. NR l z o aE |. the mono- 



of, wherein 

maximum of 18 carbon atoms, 

- R"'isHorCH3, 

- R" is a n-alkylidene radical having from 1 to 8 carbon atoms, 
thereof; 

- at least one antifoulant; mrmnm(ar ljn it s a to the second polymer comprising monomer units B 

the ratio of the first polymer comprising monomer units A to tne seconu ^ y 

being of from 95:5 to 10:90. 

2. The paint composition of Cairn 1 or claim 2, wherein the monomer unit A is an organotin ester of an ethy.enica.ly 
unsaturated carboxylic acid. 

3. The paint composition of claim 3, wherein the monomer unit A is tributyltin methacrylate. 

4. The paint composition of claim 1 , wherein the first polymer comprising monomer units A, contains from 30 to 65 
wt% of monomer units A. 

5. The paint composition of c.aim 1 , wherein the monomer unit A is a salt of copper, zinc or ca.cium of an olefinical.y 
unsaturated carboxylic acid. 

, 6. The paint composition of c.aim 5, wherein the first polymer comprising monomer units A is a sa.t of copper, zinc 
or calcium, obtained by reacting a mixture of 

- an acid group containing base resin, comprising essentially monomer units C and o.efinical.y unsaturated 



13 



EP1 127 925 A1 

carboxylic acids monomer units corresponding to monomer unit A; 
- a salt of copper, zinc or calcium of low bowling organ.c bas.c ac.d, and 

" 1T£E2SS£5E "moving the formed low boiling organic basic acid out of the system. 

ester of polymerisable unsaturated carboxylic acid. 
„ 8 Thepaintcompositionofanyoneoftheprecedingclaims,whereintnesecondpolymercomprisingmonomerun tt s 

B f contains from 15 to 30 wt% of monomer units B. 
9 . The paint composition of any one of the preceding claims wherein the monomer unit B is N-viny.pyrro.idone. 

,s 10 . Coatingofashi P hu,,.wheheve^ 
claims. 
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